Comparing the expected spectroscopy in the relativistic quark model and the predicted strong decays in the 3 P 0 model employing the realistic wave functions from the relativistic quark model with the measured properties of the LHCb and BaBar charmed states, we find that the masses and strong decays of these charmed states can be reasonably explained in the conventional qq picture, and therefore suggest that the D(2550)/D J (2580), D * (2600)/D *
Apart from the ordinarystates, other exotic states such as glueballs, hybrids, and multiquark systems are expected to exist in the framework of Quantum Chromodynamics (QCD).
The identification of these exotic states requires to understand well the conventionalmeson spectroscopy both theoretically and experimentally. To a large extent, our knowledge of meson spectroscopy is based on some phenomenological QCD motivated models such as quark models which are widely accepted to offer the most complete description of meson properties and are probably the most successful phenomenological models of hadron structures [3] .
According to the PDG [4] , the low-mass charmed mesons D(1 1 for these observed charmed states have been studied in the context of various models such as the chiral quark model [5] [6] [7] , the heavy meson effective theory [8] [9] [10] , and the 3 P 0 model with the simple harmonic oscillator wave functions [11] [12] [13] [14] [15] or the nonrelativistic quark model wave functions [16] , and other approaches [17] [18] [19] . It is also natural and necessary to exhaust the possibledescriptions before restoring to more exotic assignments. The theoretical predictions for these states are not completely consistent with the measured properties and there is not yet a consensus on the assignments of these states. Therefore, in order to deeply understand these newly reported charmed states, further test calculations against the experimental measurements are still required.
In this work, we shall compare the observed properties of the LHCb and BaBar charmed states with the mass predictions of the relativistic quark model and strong decay predictions of the 3 P 0 model employing the relativistic quark model wave functions to determine their spectroscopic assignments.
This work is organized as follows. In Sec. II, we calculate the charmed meson masses in the Godfrey and Isgur (GI) relativized quark model and give the possible assignments for these charmed states based on their observed masses and decay modes. In Sec. III, we investigate the strong decays of these states for different possible assignments in the 3 P 0 model using the realistic wave functions from the GI quark model. The summary is given in the last section.
II. MASSES
To understand the properties of the charmed mesons, we shall discuss their masses in a relativistic quark model proposed by Godfrey and Isgur [20] . In this model, the total Hamiltonian are the color contact term, color tensor interaction, and spin-orbit interaction, respectively. The details of this model and the explicit form of these interactions can be found in Appendix A of Ref. [20] .
The spin-orbit interaction termH so 12 can decompose into symmetricH so (12) and antisymmetric H so [12] . The antisymmetricH so [12] can cause the the mixing of the charmed mesons with different total spins but with the same total angular momentum such as
Consequently, the two physical states D L (nL) and D ′ L (nL) can be described by [20, 21] 
where the θ nL is the mixing angle. 
J mixing and is neglected in the present work. We use the Gaussian expansion method [22] to solve the Hamiltonian (1). To actually perform the calculations, we first diagonalizẽ H diag in the Gaussian function basis to obtain the masses and wave functions for the unmixed D mesons, then in the basis |n 2S+1 L J , we diagonalize the off-diagonal partH so [12] , which is treated as the perturbative term, to obtain the masses of the mixed D L and D ′ L mesons. In this procedure, the mixing angle θ nL can be obtained. The values of the model parameters used in our calculations are taken from Ref. [20] .
We apply the GI quark model to calculate the mass spectra of the 1S, 2S, 3S, 1P , 2P , 3P , 1D, 2D, 3D, 1F , 2F , 3F , 1G, and 2G states. The masses of the 1S, 2S, 1P , 1D, and 1F states in the origin paper of Godfrey and Isgur [20] are well reproduced. Our calculated D meson masses are listed in Table II . The predictions of some other relativistic quark models [23] [24] [25] are also listed. We do not list the mass predictions of Ref. [13] , where the masses of the Table III . Below, we shall focus on these possible assignments. It should be noted that the mass information alone is insufficient to classify these charmed states, so their decay behaviors also need to be compared with model expectations.
In the next section, we shall discuss the strong decays in the 3 P 0 model employing the wave functions from the GI quark model. 
In this section, we employ the 3 P 0 model to evaluate the Okubo-Zweig-Iizuka-allowed twobody strong decays of the initial state. The 3 P 0 model, also known as the quark pair creation model, in which meson decay takes place through a quark-antiquark pair with the vacuum quantum number [26] , has been extensively applied to study the strong decay of hadrons. There exists exhaustive literature on the 3 P 0 model and some detailed reviews on the 3 P 0 model can be found in Refs. [27] [28] [29] [30] . Here we give the main ingredients of the 3 P 0 model. Following the conventions in Ref. [31] , the transition operator T of the decay A → BC in the 3 P 0 model is given by
where γ is a dimensionless q 3q4 pair-production strength, and p 3 and p 4 are the momenta of the created quark q 3 and antiquarkq 4 , respectively. φ 
where
is the helicity amplitude and defined by
The |A , |B , and |C stand for the mock meson states. The mock meson |A is defined by [32] |A(n
where m 1 and m 2 (p 1 and p 2 ) are the masses (momenta) of the quark q 1 and the antiquarkq 2 , respectively;
are the spin, flavor, color, and space wave functions of the meson A composed of q 1q2 with total energy E A , respectively.
Various
3 P 0 models exist in literature and typically differ in the choice of the pair-production vertex, the phase space conventions, and the meson wave functions employed. In this work, we restrict to the simplest vertex as introduced originally by Micu [26] which assumes a spatially constant pair-production strength γ, adopt the relativistic phase space as Ref. [31] , and employ the realistic meson wave functions from the GI quark model. With the relativistic phase space, the decay width Γ(A → BC) in terms of the partial wave amplitude Eq. (6) is given by
where 
, and D ′ (1D), are taken from the PDG [4] . These theoretical candidates masses are:
The mixing angles θ nL are taken from Table II, and the mixing angle of D s1 (2460)-D s1 (2536) is solved to be −37.5
• . There is only one free parameter γ in our calculations. We set γ = 8.9 by fitting to the following 34 two-body decay modes with specific branching ratios [4] : is consistent with the BaBar result of 0.32 ± 0.02 ± 0.09 [2] . Also, the expected dominant decay [1] . In other approaches such as the chiral quark model [6, 7] and the heavy quark effective theory [18] , it is also found that under the D states [17, 34] . Other approaches such as the nonrelativistic quark model [12] , the relativistic quark model [23] , and the Blankenbecler-Sugar equation [35] and (2
doublets, where j is the total angular momentum of the light quark. In the heavy quark limit, there are two mixing angle [36] : one is −50. states. Among these two 2 − charmed mesons, the decay width is expected to be broader for j = itself. As pointed out by Ref. [29] , the 3 P 0 model is a coarse model of the complicated strong decay theory and the best it can hope for is to predict a decay width to within a factor of 2.
subsection D, the coupled channel effects being neglected in the GI quark model maybe cause the discrepancy between the experiment and the GI quark model. Other model calculations such as nonrelativistic quark model [12] , coupled channel effects [17] , the relativistic quark model [23] , and Regge phenomenology [37] show that the D( 
Comparison of the theoretical ratio and the corresponding BaBar experimental ratio of 0.42 ± 0.05 ± 0.11 [2] also strongly prefers the D(1
The suggestion that the D * (2760)/D The decay widths of the D * J (3000) as the D(3
are listed in Table IX Our most favorable assignment of the D in Refs. [13, 14] . Our results indicate that total contributions of these channels are large for
, and D(1 3 F 2 ) while tiny for the D(1 3 F 4 ). Further experimental information of the D * J (3000) in these channels will be helpful to test our present assignment.
IV. SUMMARY
In order to understand the possible quark-model assignments of the BaBar and LHCb charmed states, we apply the GI quark model to calculate the 1S, 2S, 3S, 1P , 2P , 3P , 1D, 2D, 3D, 1F , 2F , 3F , 1G, and 2G-wave charmed meson spectroscopy. Our mass predictions, together with the expectations of some other relativistic quark models, present the mass ranges of the D mesons. From these predicted mass ranges and the parity information, we tentatively
give the possible quark-model assignments for the BaBar and LHCb charmed states.
To clarify these possible assignments, we then evaluate the strong decay behaviors of these charmed states in the framework of the 3 P 0 model, where the GI quark model wave functions are employed. In our calculations, the only one free parameter γ, the quark pair creation strength, is obtained by fitting to 34 decay modes with specific branching ratios.
We calculate the two-body strong decay properties of the 2S, 3S, 2P , 1D, and 1F -wave charmed mesons. Comparison of the strong decay predictions and the measured decay properties, we find that the observed decay properties of these charmed states can be reasonably explained. Therefore, we tend to conclude that the D(2550)/D J (2580), D * (2600)/D 
